Extracellular purines and their receptors in immunoregulation. Review of recent advances.
T cells are important effector cells in natural antiviral and anticancer immunity. It is important to reveal the cellular and molecular requirements for T cell differentiation and effector functions. We explored the idea that the final outcome of antigen receptor-driven immune processes is at least partially determined by physiologically abundant small signaling molecules in extracellular environment of lymphocytes in different tissues. Extracellular purines (ATP and adenosine) and their (purinergic) receptors were studied as an example of such molecules. Studies of functional effects of extracellular ATP and adenosine in immunoregulation have evolved in studies of individual molecules of purinergic receptors and of phosphorylation of extracellular domains of functionally important proteins. ATP-gated membrane pore, p2x 7(formerly p2z receptor) and A2a adenosine receptors are found to be predominantly expressed in T cells. The Gs-protein coupled A2a receptors activate cAMP-dependent protein kinase which was shown to have dual role in regulation of T cells functions. The results of our recent studies of adenosine receptors indicate that A2a receptors on T cell surface may play immunosuppressive role in conditions which lead to accumulation of extracellular adenosine. These conditions include pharmacological intervention with widely used anti-inflammatory drugs (methotrexate and sulfasalazine) and extracellular environment near large solid tumors. Hypoxic conditions in such tumors are known to cause accumulation of extracellular adenosine, which, in turn, as we have shown, could inhibit incoming antitumor cytotoxic T-lymphocytes from destroying the tumor. Normal development and functions of immune cells require adenosine deaminase (ADA) activity. Absence or low levels of ADA in humans result in severe combined immunodeficiency (SCID), which is characterized by hypoplastic thymus, T lymphocyte depletion, and autoimmunity. ADA SCID is currently explained only by intracellular lymphotoxicity of accumulated adenosine. We propose that T cell depletion, immunodeficiency, and autoimmunity could also be due to extracellular adenosine-induced signaling, which inhibits the antigen receptor (TCR) signaling and therefore affects the TCR-driven positive and negative selection of thymocytes. This, in turn, may lead to changes in antigen receptor repertoires and to immunodeficiency, Such properties of adenosine receptors suggest an expanded understanding of pathogenesis of ADA SCID as being due to two independent (intracellular and extracellular) mechanisms of adenosine action. It was conclusively demonstrated that functionally important T cell surface proteins including T cell receptor- are constitutively Ser/Thr phosphorylated on their ectodomains. We identified the major ecto-protein kinase activity in T-lymphocytes as casein kinase II-like (CKII-like) protein kinase. Consensus phosphorylation sites for serine and threonine protein kinases were found to be strongly evolutionary conserved in both alfa and beta TCR chains constant region. We have shown that ecto- or releasable by T-cells protein phosphatase has properties of PP1 and PP2a class protein phosphatase. Such covalent modifications of ectodomains may change T cells cognate interactions by e.g. affecting TCR-multimolecular complex formation and antigen binding affinity. It is suggested that TCR ectodomain phosphorylation could serve as a potential mechanism for regulation of TCR-mediated T-lymphocytes response.